Objective: To investigate the successful rate and accuracy of percutaneous radiofrequency thermocoagulation (PRT) for treatment of primary trigeminal neuralgia (PTN) with customized navigated template via three dimensional (3D) printing technique. Methods: 65 patients with PTN were recruited from January 2014 to March 2015 and randomly divided into two groups: template group (n = 28) and traditional group (n = 37). The patients in traditional group received PRT under guidance of C-arm fluoroscopy, while the ones in template group were treated with customized navigated templates. The data of time, depth and accuracy rate of puncture, the average effective dose equivalent of radiation, complications after operation were collected and analyzed. Results: No intra-operative failures occurred in the template group: the pain was alleviated immediately after operation. Accuracy rate of the template group was 100% while 96% was achieved in traditional group. However, the average time of puncture by the template was significantly reduced compared with traditional group (2.37 ± 0.64 minutes and 24.2 ± 6.55 minutes, respectively; P < 0.001). Meanwhile, the average effective dose equivalent of radiation was apparently reduced compared to the traditional group. The depth of puncture in operation was mostly close to the results of simulation (9.45 ± 0.58 cm and 9.33 ± 0.87 cm respectively, P > 0.05). No complications were observed in template group while several complications such as blooding, leakage of cerebrospinal fluid and dizziness were observed in traditional group. Conclusion: The application of customized template is advocated for improving the accuracy of PRT.
Introduction
The primary trigeminal neuralgia (PTN) is a nerve disorder that causes a stabbing or electric-shock-like pain in parts of the face, which was first reported by Nicolas Andri in 1756 [1] . The pathogen of PTN is still unclear, while secondary TN is always a sequela of malformation, tumors or trauma in encephalic surgeries [2] [3] .
At present, kinds of medicines and surgical operations have been utilized for the treatment of TN [3] - [9] . However, the results seem not to be completely satisfying. In many cases, drug resistant becomes more regularly and attacks become more and more resistant over time so that some patients cannot endure the side effects of high-dose medication and intolerably intense pain after clinical treatments. At last, a surgical procedure is necessary. Nonetheless, recurrence rate of pain after surgical operations is significantly high. Meanwhile, the good effects of surgical procedure depend on the experiences of surgeons and familiarities with variances of encephalic anatomy. Recently, the PRT caters for more patients' demands due to immediate pain relief, lower expense, minimal trauma and high efficacy [10] . However, several complications such as masticatory weakness, dysesthesia, and corneal numbness were also reported due to long procedure and high dose of radiation [11] . Thus, in order to promote the accuracy of PRT, various instruments such as computer temography, neuro-navigation were applied [12] [13] . But these applications are limited due to the price and unstable effects. Nevertheless, the ratio of pain relief was not as high as expected [14] .
Nowadays, computer-aided surgery (CAS) has been more and more widespread and significant in the field of most surgeries [15] - [17] , which could reduce risks and promote accuracy through preoperative simulation. Furthermore, more studies on 3D printing can make the ideas of CAS come true [18] - [21] . However, there is seldom applications in pain management been reported recently. The character of pain management is microtrauma, variance of anatomic structures, which fits the advantage of CAS and 3D printing techniques.
Thus, this study aims to design a novel method to increase the ratio of the management accuracy of pain surgery. We designed a customized navigated template with Computer-Aided Design (CAD) and 3D printing according to the patient specific anatomy. The results show that the customized navigated template increased the accuracy, and reduced the procedure and the dose of radiation of PRT.
Patients and Methods

Patients
The study was approved by local ethics committee at the Nantong Convalescence Hospital affiliated to Nantong University. Written informed consent was made for enrolled patients. As secondary TN being excluded, 65 outpatients from Jan 2014 to March 2015 were recruited and were divided randomly into two groups: the template group and traditional group.The patients in traditional group received PRT under guidance of C-arm fluoroscopy, while the ones in template group were treated with customized navigated templates combined with C-arm fluroscopy. Basic characteristics of the two groups were shown as Table 1.
Surgical Procedures
All patients were received thin slice CT scanning (SIMENS AVANTO Germany). Every slice is 0.625mm thick. The scanning region is from top of the skull to maxillary. The imaging data was imported as Digital Imaging and Communications in Medicine (DICOM) files into Materialise's Interactive Medical Image Control System (MIMICS) 16.0 software (Materialise, Leuven, Belgium).
After image processing which contained thresh-holding and morphological operations, the model of encephalic and skin model were visualized (Figure 1 ), which were saved as Stereolithography (STL) files.
The diameter of foreman oval was measured (Figure 2(a) ) and the best puncture path was simulated in 3-Matic software 8.0 (Materialise, Leuven, Belgium), meanwhile, the depth of puncture (from skin to foreman oval) was measured (Figure 2(b) ). With application of reverse-engineering, the osteal characteristics of face such as zygomatic arch and nasal root were picked up and the digital customized navigated template was extruded 2 mm and trimmed the edges (Figure 2(c) ), the needle way is designed according the path from skin to foremen oval. In the end, the digital template was fabricated from 3D printing machine (ZRapid, SLA300, China).The material of template is polylactic acid which is bio-compatible without any poisonous effect.
The patient was in supine position. The maxillofacial region was sterilized by iodophor and the template was sterilized by plasma. After the puncture region was locally anaesthetized, the template was put to fit the maxillofacial surface shape (Figure 2(d) ). According to the depth of puncture in simulation, minimal adjust was made with the guidance of the C-arm fluoscopy. When the target pot was achieved, the pain was triggered. At the same time, the following PRT operations were performed as a matter of routine as soon as possible.
Data Collection
Time of surgical process, depth and accuracy of punture was measured; meanwhile, average effective dose equivalent of radiation was recorded with Radiation detector (LK3600, ReKo China).
Statistical Analysis
SPSS13.0 was utilized in this paper. Student's-t test was used for analysis. P value less than 0.05 was considered to be statistically significant.
Results
1) Basic characteristics of two groups (Table 1).
2) The diameters of foramen ovale ( Table 2) .
3) The time of puncture and accuracy rate of operation and adverse reactions ( Table 3) . 4) The depth of puncture between simulation and real procedure ( Table 4) . 
Discussion
This paper provides a new method to promote the accuracy of percutaneous punction and reduces the time of repeat puncture and radiation according to the CAS and 3D printing technique apparently.
The morphological variations of foramen ovale has been described in recent studies [22] [23], but most of them noted that there was no significantly difference between two sides. However, in this study, some foreman ovales had narrow morphology, and both sides were obviously asymmetry. During the simulation, traditional puncture path could hardly get the target pot successfully. Considering this, we moved the percutaneous puncture pot laterally so that the puncture path got the target successfully without any obstacle. In this case, the surgical process time was about 1min and the routine was succeed with customized template.
Jen-Tsung Yang et al. suggested 3D reconstruction can improve the accuracy of puncture apparently [24] . However, it was necessary to adjust the tip of needle several times during operation. According to the articles [24] [25], the average time of procedure was about 20 minutes, whereas 1 to 2 minutes was spent in the template group. Moreover, the template can be stored for repetitive case. Meanwhile, several paths can be integrated in one template in case of failure from one path. In this study, a zygomatic path was finally selected and succeeded after the failure of foreman ovale path in a V2 case.
However, a patient with transient blooding appeared during the procedure, but the effect was satisfying. The authors consumed that the design of template was from the CT data, which was hardly to show soft tissue especially blood vessel. Osteal marks were only considered in this study while some important soft tissues have been ignored. This study was focused on improving the accuracy rate of PRT and reducing the dose of radiation, however, there was no significantly increase in the cost of discharge and simulation training.
Conclusion
The customized template can improve the accuracy of percutaneous puncture and reduce the dose of radiation for PTN.
